Four alloys based on niobium and containing about 33wt.%Cr, 0.4wt.C and, in atomic content equivalent to the carbon one, Ta, Ti, Hf or Zr, were elaborated by classical foundry under inert atmosphere. Their as-cast microstructures were characterized by X-ray diffraction, electron microscopy, energy dispersion spectrometry and while their room temperature hardness was specified by Vickers indentation. The microstructures are in the four cases composed of a dendritic Nb-based solid solution and of an interdendritic NbCr2 Laves phase. Despite the MC-former behavior of Ta, Ti, Hf and Zr usually observed in nickel or cobalt-based alloys, none of the four alloys contain MC carbides. Carbon is essentially visible as graphite flakes. These alloys are brittle at room temperature and hard to machine. Indentation shows that the Vickers hardness is very high, close to 1000HV10kg. Indentation lead to crack propagation through the niobium phase and the Laves areas. Obviously no niobium-based alloys microstructurally similar to high performance MC-strengthened nickel-based and cobalt-based can be expected. However the high temperature mechanical and chemical properties of these alloys remain to be investigated.
Introduction
Looking for service temperatures higher and higher to increase performance and efficiency leads to the necessity of developing alloys beyond the best present superalloys as the single crystalline /' nickel-based ones [1] [2] [3] . Many solutions are currently explored such as cobalt-based especially rich in heavy elements [4, 5] or reinforced by ' precipitation [6, 7] . Refractory versions of the new concept of High Entropy Alloys, rich in heavy elements, are also being considered [8] . In another way the metallurgical principles exploited in the oldest superalloys as the carbide-strengthened chromia-forming equiaxed cast alloys based on nickel or cobalt may be also revisited with new elements and new hardening particles. This is, for instance, what was recently done with conventionally cast chromium-rich cobalt-based [9, 10] , iron-based [11] and nickel-based [12] alloys strengthened by eutectic HfC carbides. Such alloys, taking back the commonly used base elements of the current superalloys, and in which chromium / tungsten or tantalum carbides are replaced by exotic but much more stable carbides, showed very interesting mechanical properties at temperatures as high as 1100°C [13] and even 1200°C [14] .
Various types of MC carbides were very recently successfully obtained as script-like eutectic carbides in polycrystalline cobalt-based [15] and nickel-based [16] alloys elaborated by classical foundry, with as result potential creep resistance at elevated temperature (up to 1200°C).
To progress in term of temperature level in the field of the mechanical properties, one can now think to replace the base elements cobalt, nickel or iron, by a very refractory one: niobium (melting point equal to 2469°C [17] ). This element takes part to the current superalloys, for example as ' -former beside Al, but it can be also used as base element for some refractory metallic alloys [18, 19] rich in chromium to achieve resistance not only to high temperature oxidation but also against corrosion by various aggressive molten substances (sulfides, CMAS, glasses … ) [20] , and an interdendritic carbide often recent results concerning the morphology and thermodynamic high stability at elevated temperature obtained in Co-, Fe-or Ni-based alloys, four MC-former elements were selected: Ta, Ti, Hf and Zr.
These four elements are often encountered in the chemical compositions of refractory metallic materials, either as alloying element, or as base one. Indeed, tantalum -elsewhere used in some famous cast cobalt-based superalloys [1, 2] -may form TaC carbides favorable to high strength thanks to their initial script-like morphology and their rather high stability at high temperature (example of the famous Mar-M509).
These properties may be also brought by the TiC carbides, formed with titanium which is also a '-former element and which can be used as base element as in the wellknown Ti-6Al-4V [21] . Hf, which led to the high performance directionally solidified DS200-Hf alloy [22] and which may serve to configure microstructures and properties of some alloys [23, 24] , allow obtaining script-like MC carbides especially stable at elevated temperature in term of both morphology and volume fraction [9] [10] [11] [12] , whatever the base element among cobalt, nickel and iron.
Zirconium, sometimes added to cobalt-based or nickel-based superalloys [25, 26] , can be also met as base of refractory alloys such as the Zircaloy-4 [27] .
In this work, one wished, by keeping the conventional foundry process, to go beyond nickel, cobalt and iron-based alloys, by investigating these four 
Experimental

Preparation of the alloys and foundry process
The preparation of the four alloys started by weighing with a precision balance (accuracy: ±0. 
Results and discussion
Behaviors of the alloys during cutting
Macrophotographs of the two (or three) parts issued from the cutting operation are displayed in Figure 1 . In no case cutting finished without a final sudden rupture.
This one was seemingly brittle, as suggested by the aspects of the rupture surfaces. 
Generalities about the as-cast microstructures of the four alloys
After embedding and polishing the samples of the as-cast alloys were examined by electron microscopy. 
Microstructure of the as-cast NbCrC-TI alloy
According to the obtained XRD diffractogram, SEM/BSE observations and EDS analyses (Figure 4) , 
Microstructure of the as-cast NbCrC-ZR alloy
The microstructure of the zirconium-containing 
Microstructure of the as-cast NbCrC-HF alloy
This fourth alloy is much more original (Figure 6 ). 
Vickers indentation
A series of ten Vickers indentations were performed in each alloy with an applied load equal to 10kg. This led to the average values given in Table 1 Despite the rather high difference in Vickers hardness between the two major phases (about 1320 for BCC Nb-phase [28] and about 870 for NbCr2 [29] whatever its crystalline structure C14 or C15) no systematic increase in hardness can be seen, even if there is a tendency for that. This can be explained by the difficulty to measure the surface fraction of the part of Nb phase 
Summary and conclusions
In contrast with cobalt-based, nickel-based and iron-based alloys with similar contents in Cr, C and the same MC-former elements, and synthesized using the 
